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7KHOLQHDUUHJUHVVLRQHTXDWLRQV IRU WKUXVWIRUFHDQGWRUTXHRIJUDQLWHILEHUUHLQIRUFHGHSR[\FRPSRVLWHVDUH
JLYHQLQ(TXDWLRQV DQGUHVSHFWLYHO\
7KUXVW)RUFH1 ;  ; 
7RUTXH1P  ;  ; 
:KHUH ; UHSUHVHQWVIHHGUDWHPPPLQ DQG ; UHSUHVHQWVFXWWLQJVSHHG530
7KHDERYHWZRHTXDWLRQV LOOXVWUDWH IDFWWKDWWKHFRHIILFLHQW RI IHHGUDWH LVSRVLWLYH DQG FXWWLQJ VSHHG LV QHJDWLYH
ZKLFKLQGLFDWHVWKDW ERWKWKUXVWIRUFHDQGWRUTXHDUHGLUHFWO\SURSRUWLRQDOWRIHHGUDWHDQGLQYHUVHO\SURSRUWLRQDOWR
FXWWLQJVSHHG
 ,QWHUDFWLRQ3ORWVDQG 6XUIDFH5HVSRQVH $QDO\VLV
7KHDWWHPSWRIWKLV SUHVHQWVWXG\LVWRFRUUHODWH WKUXVWIRUFHDQGWRUTXHLQGXFHGLQWKHFRPSRVLWHPDWHULDO ZLWKWKH
RSHUDWLQJYDULDEOHV QDPHO\ FXWWLQJVSHHGDQGIHHGVSHHG 7KH 0LQLWDEVRIWZDUH FDQ FRQWUROWKHVHYDULDEOHVDQG
WKH WKUXVW IRUFH DQG WRUTXH FDQ EH PLQLPL]HG RQ DQ LQGXVWULDO PDVV SURGXFWLRQ V\VWHP 7KH GDWD ZDV FORVHO\
DQDO\]HGIRU WKHGULOOSRLQWJHRPHWU\ LQRUGHUWR VWXG\LWVYDULDWLRQDWHDFKFRQWUROOHYHODQGIDFWRUV
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)LJ,QWHUDFWLRQSORWIRU7KUXVWIRUFH1
)LJ,QWHUDFWLRQSORW IRU7RUTXH1P
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$JHQHUDOYDULDWLRQLQWKUXVWIRUFHDQGWRUTXH IURPILJVDQGVKRZVWKDWIRUDGULOORIVSHFLILFGLDPHWHUWKHWKUXVW
IRUFHGHFUHDVHVZKHQVSHHGLVLQFUHDVHGDQGLQFUHDVHVZLWKLQFUHDVHLQIHHG7RUTXH UHVSRQVHVKRZVWKDWLWGHFUHDVHV
VOLJKWO\ ZLWKVSHHGIRUDSDUWLFXODUW\SHRIGULOOZKLOHLWLQFUHDVHVZLWK LQFUHDVHLQIHHG+RZHYHU WKHWRUTXHYDOXH
VKRZVDVXGGHQULVHDIWHUPPPLQIHHG UDWH
7KHPDQXIDFWXULQJPHWKRGRIWKHODPLQDWHVPD\DOVRSOD\DQLPSRUWDQWUROHLQWKUXVWIRUFHDQGWRUTXH EHKDYLRXU
EHFDXVH DW FHUWDLQ FRQGLWLRQV XQOLNHO\ EHKDYLRXU ZDV REVHUYHGZKLFKPD\ EH SULPDULO\ GXH WR SUHVHQFH RI VRPH
YRLGV RURWKHUPDQXIDFWXULQJGHIHFWVZKLFK KDVVFRSHIRUIXUWKHULQYHVWLJDWLRQ
)LJ6XUIDFHSORWRI7KUXVWIRUFH 1YV)HHGUDWHPPPLQ6SHHG530
)LJ6XUIDFHSORWRI7RUTXH1PYV )HHGUDWHPPPLQ6SHHG530
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,QLWLDOO\ JUDQLWH SDUWLFOHVDUHLQ KDUGFRUH FRQWDFWZLWKPDWUL[RQWKHVXUIDFHRIWKHFRPSRVLWHDQGDWKLJKHU IHHG
UDWHVKLJKHUWKUXVW IRUFHDQGWRUTXH ZDVREVHUYHGGXHWRUHVLVWDQFHRIIHUHGE\ JUDQLWH ILEHUV 7KHUHIRUH WKHSUHVHQW
VWXG\ GHILQHV WKH IHHG UDWH DV WKH KLJKHVW FRQWULEXWRU IRU WKUXVW IRUFH DQG WRUTXH IROORZHG E\ FXWWLQJ VSHHG
FRQWULEXWLQJ WRDPLQLPXP 7KHLQFUHDVHLQIHHGUDWHOHDGV WR GHIHFWVOLNH DEUDVLRQ PLFURFUDFNLQJDQGPLFURFXWWLQJ
RQWKHWHVWHG VDPSOH
$V WKH IHHGUDWH LQFUHDVHV WKHUH LVDQ LQWURGXFWLRQRIDEUDVLYH ZHDU GXH WR WKH SDUWLFOHVHQWUDSSHGEHWZHHQ WKH
GULOO WRRO DQGWKHVSHFLPHQ ZKLFK DUHVXEMHFWHGWRKLJKVWUHVVDQGKHQFHWKH PDWHULDOUHPRYDOLQWKHIRUPRIFKLS
DFWLRQ WDNHVSODFHRQ WKH VSHFLPHQ OHDGLQJ WRKLJKHU WKUXVW IRUFHDQG WRUTXH7KLV OHDGV WR WKH UHPRYDORIPDWUL[
PDWHULDO 7KH FRQWLQXRXV UHPRYDO RIPDWUL[PDWHULDO RQ WKH VXUIDFH RI VSHFLPHQ OHDGV WR JURRYH IRUPDWLRQ7KLV
JURRYH IXUWKHU GHHSHQV DV WKH IHHG UDWH LQFUHDVHV $IWHU WKH UHPRYDO RI WKH PDWUL[ OD\HU WKH GULOOLQJ DFWLRQ LV
SHUIRUPHGRQWKHKLJKPRGXOXVJUDQLWH ILEHUV
 &RQWRXU 3ORWVIRU7KUXVWIRUFHDQG7RUTXH
7KHFRQWRXUSORWVJLYHD GHWDLOHG WUDQVODWLRQRI7KUXVW IRUFHDQG WRUTXHYDULDWLRQZLWK UHVSHFW WR IHHG UDWHDQG
FXWWLQJVSHHG
)LJREVHUYHV ORZHVW JHQHUDWLRQRIWKUXVWIRUFHIRUDIHHGUDWHFORVHWR  PPPLQDQGDFXWWLQJVSHHGRI 
WR  USP 7KH SUREDEOH UHDVRQIRUWKLVFRXOGEHDWWULEXWHGWR VRIWHQLQJRIWKHPDWUL[ %DEXHWDO DWKLJKHU
FXWWLQJVSHHGV RZLQJWR KHDWEXLOGXSDWWKHFXWWLQJ]RQHUHVXOWLQJLQORZHUWKUXVWIRUFH
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)RUFH1
7KUXVW
&RQWRXU 3ORWRI 7KUXVW)RUFH1 YV )HHGPPPLQ 6SHHGUSP
)LJ&RQWRXU SORWRI7KUXVWIRUFH1YV)HHGPPPLQ6SHHG530
+RZHYHUDVVKRZQLQ )LJ  WRUTXH GURSV VORZO\ZLWKWKHLQFUHDVLQJIHHGUDWH DQG DWORZHUFXWWLQJVSHHGVEXW
GRHV QRW GHFUHDVH GUDVWLFDOO\ OLNH WKH WKUXVW IRUFH EHKDYLRXU 7KHUHIRUH LW FDQ EH VDIHO\ FRQFOXGHG WKDW GXULQJ
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GULOOLQJ RI*UDQLWH ILEUH UHLQIRUFHG HSR[\ FRPSRVLWHV WKH LQGXFHG GDPDJH LV QRW RQO\ GHSHQGHQW RQ WKUXVW IRUFH
DORQHEXWRQWRUTXH DOVR
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7RUTXH1P
&RQWRXU 3ORW RI 7RUTXH1P YV )HHGPPPLQ 6SHHGUSP
)LJ &RQWRXUSORWRI7RUTXH1PYV)HHGPPPLQ6SHHG530
&21&/86,21
$QH[SHULPHQWDO DQDO\VLV IRU GULOOLQJ LQGXFHG WKUXVW IRUFH DQG WRUTXH DVVRFLDWHGZLWK YDULRXVPDFKLQLQJ
SDUDPHWHUVFXWWLQJVSHHGDQGIHHGUDWHRQJUDQLWHILEHUUHLQIRUFHGHSR[\ FRPSRVLWHVLVSUHVHQWHGLQWKLVVWXG\7KH
IROORZLQJFRQFOXVLRQVZHUHGUDZQIURPWKHDERYHLQYHVWLJDWLRQ
 ,Q WKH SUHVHQW VWXG\ WKH 7DJXFKL GHVLJQ RI H[SHULPHQWV PHWKRG SURYLGHV DQ RUJDQL]HG DQG SURGXFWLYH
PHWKRGRORJ\IRUWKHGHVLJQRSWLPL]DWLRQRIWKHSURFHVVSDUDPHWHUVUHVXOWLQJLQPLQLPXPWKUXVWIRUFHDQG
WRUTXH
 ,Q GULOOLQJRI JUDQLWHILEHUUHLQIRUFHGHSR[\FRPSRVLWHV WKHIHHGUDWH KDVWKHKLJKHVWSK\VLFDOVLJQLILFDQFH
DQGVWDWLVWLFDOVLJQLILFDQFHIROORZHGE\ FXWWLQJVSHHG
 6WDWLVWLFDODQDO\VLVVKRZV WKDWIHHGUDWHKDVWKHLQIOXHQFHRIDSSUR[LPDWHO\WRDVWKHKLJKHVWDQG
FXWWLQJ VSHHG ZDV OHVV RI DSSUR[LPDWHO\  WR  RQ ERWK WKUXVW IRUFH DQG WRUTXH EHKDYLRXU RI WKH
FRPSRVLWHUHVSHFWLYHO\
 $QHZTXDQWLILHGPDWKHPDWLFDOGDPDJHPRGHOIRUIRXU IDFHWGULOOJHRPHWU\FRUUHODWLQJWKHWKUXVWIRUFHDQG
WRUTXHZLWKWKHRSHUDWLQJYDULDEOHVYL]FXWWLQJVSHHGDQGWKHIHHGVSHHGLVSURSRVHG
 7KH JHQHUDOYDULDWLRQRIWRUTXHDQG WKUXVWIRUFH VKRZWKDWWKUXVWIRUFHIOXFWXDWLRQLVGUDVWLFZKHQFRPSDUHG
WRWRUTXHKHQFHWKUXVWIRUFH PRGHOVPXVWEHDSSOLHGZLWKFDXWLRQDQGFHUWDLQOLPLWDWLRQVIRUSUHGLFWLQJ WKH
LQGXFHGGDPDJH
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